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(54) INK JET RECORDING APPARATUS 

(57)Abstract: 

PURPOSE: To perfectly suppress the generation of a 
sub-drop by dividing the ink within an ink passage into 
ink on an emission side and ink on a residual side by an 
air bubble and cooling a heating resistor to temp, not re- 
evaporating inflow ink when the ink on the residual side 
again flowes in to reach the heating resistor. 
CONSTITUTION: After pulse heating is started, an air 
bubble rapidly grows upwardly in the same area as a 
heating resistor 14 to divide ink into ink on emission side 
and the ink on the side of an ink supply passage 9. The 
air bubble at this point of time is almost in a vacuum 
state and both of the ink on the emission side and the 
ink on the side of the ink supply passage 9 are sucked 
under pressure of about 1atm. and the ink of the lower 
layer near to the substrate 1 on the side of the ink 
supply passage 9 begins to move in the direction 
crushing the air bubble and the ink on the emission side 
obtains initial velocity to fly out of a nozzle 8 as it is. 
The ink on the side of the ink supply passage 9 flows in 

the direction contracting the air bubble by pressure difference of 1atm. At this time, the heating 
resistor 14 is cooled to temp, not re-evaporating the ink and the flow of the ink after the flying 
out of the ink is rapidly decerelated. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The exoergic resistor prepared near the ink delivery is made to evaporate some ink in 
a liquid ink way quickly by carrying out pulse energization. In the ink injection recording device 
which is made to breathe out liquid drop-like ink and is recorded from said delivery by the 
expansion force of these air bubbles, while making discharge-side ink and residual side ink divide 
the ink in the above-mentioned liquid ink way with the above-mentioned air bubbles The ink 
injection recording device characterized by being cooled by even the temperature which this 
exoergic resistor does not make re-evaporate this inflow ink when this residual side ink re-flows 
on the above-mentioned exoergic resistor. 

[Claim 2] By impressing the electrical potential difference of the pulse width below 3microS to 
an exoergic resistor without the protective layer prepared near the ink delivery In the ink 
injection recording device which some ink in a liquid ink way is made to cause fluctuation 
nucleate boiling, is made to breathe out liquid drop-like ink from said delivery by the expansion 
force of these air bubbles, and is recorded While making discharge-side ink and residual side ink 
divide the ink in the above-mentioned liquid ink way with the above-mentioned air bubbles, when 
this residual side ink re-flows on the above-mentioned exoergic resistor The ink injection 
recording device characterized by being cooled by even the temperature which this exoergic 
resistor does not make re-evaporate this inflow ink. 

[Claim 3] Claim 1 characterized by having not separated 5 micrometers or more from the edge of 
an exoergic resistor where the height of said liquid ink way is lower than 30 micrometers, and the 
location of the wall of this liquid ink way is arranged on the base, and an ink injection recording 
device given in two. 

[Claim 4] Claims 1 and 2 characterized by the ink discharge direction having structure out of 
which the perpendicular projection image to this exoergic resistor side of this regurgitation 
nozzle bottom by the side of ink supply has not come to 5-micrometer or more outside from the 
edge by the side of ink supply of this exoergic resistor in an exoergic resistor side, a 
perpendicular, or an almost perpendicular ink injection recording device, and an ink injection 
recording device given in three. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the recording apparatus of the format of turning 
a liquid ink drop to a record medium, and making it flying using heat energy, and the so-called 
thermal ink jet printer. 
[0002] 

[Description of the Prior Art] Two methods are put in practical use by the head for ink 
regurgitation used for a thermal ink jet printer. That (JP,54-161 935 A JP.55-27281 ,A, JP,55- 
27282.A) the discharge direction of one of the exoergic resistor currently formed on one wall 
surface (substrate) of a liquid ink way and ink is [ that ] parallel, and other one have this 
perpendicular (JP,54-51 837,A). All are the same also at the point that make some ink evaporate 
quickly with pulse heating, and it is the same to make a liquid ink drop breathe out from an 
orifice, and the fundamental configuration of the exoergic resistor covers a thin film resistor with 
the rapid expansion and contraction by the multilayer protective layer (refer to Hewlett Packard 
Journal, Aug.1988, and Nikkei mechanical December 28, 1992 issue 58 page). 
[0003] On the other hand, practical, this invention person found out the thin film resistor and 
conductor material which can eliminate this multilayer protective layer that cannot be eliminated 
from the thin film resistor for the exoergic resistors by now, attained the large improvement in 
an extensive improvement of thermal efficiency and printing speed (ink regurgitation frequency), 
and also shortened the production process of a head sharply to coincidence (Japanese Patent 
Application No. No. 68257 [ five to ]). Furthermore, the most effective drive conditions of the 
unnecessary exoergic resistor of this protective layer were found out, with the conventional 
technique, generating of the outstanding air bubbles which cannot be attained, and a contraction 
property were able to be realized, and stabilization of the ink regurgitation and further 
improvement in that repeat frequency were able to be aimed at (Japanese Patent Application 
No. No. 272451 [ five to ]). 
[0004] 

[Problem(s) to be Solved by the Invention] There was a problem of deterioration of the quality of 
printed character accompanying generating of a subdrop in the conventional thermal ink jet 
printer. However, the approach of controlling generating of a subdrop completely was able to be 
found out in the process in which the air bubbles which generate and disappear by the exoergic 
resistor without the above-mentioned protective layer, and the applied force which it gives to a 
liquid ink object are investigated in the detail. 

[0005] The purpose of this invention is offering the thermal ink jet print head which a subdrops 
does not generate, and realizing the thermal ink jet printer in which quality printing is possible. 
[0006] 

[Means for Solving the Problem] The above-mentioned purpose makes an exoergic resistor 
without the protective layer prepared near the ink delivery evaporate the part in a liquid ink way 
quickly by carrying out pulse energization. In the ink injection recording device which is made to 
breathe out liquid drop-like ink and is recorded from said delivery by the expansion force of 
these air bubbles, while making discharge-side ink and residual side ink divide the ink in the 
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above-mentioned liquid ink way with the above-mentioned air bubbles When this residual side ink 
re-flows on the above-mentioned exoergic resistor, it is attained by considering as the 
configuration cooled by even the temperature which this exoergic resistor does not make re- 
evaporate this inflow ink. 

[0007] Moreover, said exoergic resistor is an exoergic resistor without a protective layer, and it 
is more effectively attained by considering said evaporation as the evaporation by fluctuation 
nucleate boiling by impressing the electrical potential difference of the fixed pulse width for 3 or 
less microseconds to this. 

[0008] Or the height of said liquid ink way is lower than 30 micrometers, and it is attained by 
considering as the configuration which has not been separated from the edge of an exoergic 
resistor where the location of the wall of this liquid ink way is arranged on the base 5 
micrometers or more. 

[0009] Furthermore, an ink discharge direction is attained in an exoergic resistor side, a 
perpendicular, or an almost perpendicular ink injection recording device by considering as the 
structure out of which the perpendicular projection image to this exoergic resistor side of this 
regurgitation nozzle bottom by the side of ink supply has not come to 5-micrometer or more 
outside from the edge by the side of ink supply of this exoergic resistor. 
[0010] 

[Function] Since it acts so that the air bubbles generated all over the ink path by making it the 
above configurations may divide ink in discharge-side ink and residual side ink, it is lost that a 
regurgitation ink droplet drags on for a long time, and the problem of degradation of the quality of 
printed character resulting from a subdrop can be solved. 
[0011] 

[Example] SiO two-layer with a thickness of 2 micrometers to which drawing 3 has a heat 
insulation operation on the Si substrate 1 with a thickness of 400 micrometers — nickel wiring 
with a 2, a Cr-Si-SiO alloy thin film resistor [ 3 ] of with a thickness of 0.1 micrometers, and a 
thickness of 1 micrometer — the exoergic resistor 14 which was formed by carrying out the 
laminating of the conductor 5 and which does not require a protective layer is shown. It is 
checked that this exoergic resistor has a sufficiently long life also with pulse heating in water 
color ink in an underwater list (refer to Japanese Patent Application No. No. 68257 [ 05 to ]). 
[0012] said exoergic resistor 14 — underwater — pulse heating is carried out in 6 and the result 
of having observed the air bubbles which generate and disappear by this by speed light 
photography is shown in drawing 4 . For ImicroS and impression power, 2.5 w/dot and pulse 
repetition frequency is [ the impression pulse width at this time / the temperature of about 
ImicroS and water 6 of 1kHz and the pulse lighting time amount in speed light photography ] 
about 25 degrees C. Generating of the air bubbles seen here is based on fluctuation nucleate 
boiling as it is indicated in detail to this invention person's patent application invention (Japanese 
Patent Application No. No. 272451 [ five to ]). 

[0013] Air bubbles have already grown by Mr. 5-10-micrometer Taka by ImicroS after pulse 
heating initiation, and it turns out that an ebullition start point is a very early time of calling it 
below 0.5-1 microS so that drawing 4 may be seen and understood. Moreover, these air bubbles 
grow up with the almost same area as the exoergic resistor 14, and it turns out that that height 
is about 30 micrometers etc. also in that growth to 4 rounds is in ******** (5-10 micrometers), 
and the phase which grew most. These do not change, even if the magnitude of the exoergic 
resistor 14 is different. That is, the air bubbles in an expansion phase are pressurized 
perpendicularly strongly to water, and give the high-speed upward flow of 30micrometer/2- 
2.5microsecond=12 - 15 m/s to water. The average expansion coefficient (dv/dt) / v of the air 
bubbles at this time are also a very big value of 1/2-2.5microsecond=4 - 5x105-/s. That is, the 
description of fluctuation nucleate boiling is expressed well. 

[0014] On the other hand, the steam in these air bubbles is quickly cooled by the expansion 
process by cooling in surrounding ink, and cooling by expansion, the air bubbles in the maximum 
air-bubbles point have become a vacua mostly, and contraction starts. Although the contraction 
in this case should turn into isotropic contraction, with the inertial force of the high-speed rise 
stream explained in the preceding paragraph, it does not contract in the height direction but it is 
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comparatively slow contraction from 4 rounds of air bubbles. An arrow head given in drayying 4 
shows the flow of the water presumed from the situation of expansion of these air bubbles and 
contraction. 

[0015] Moreover, in drawing 4 , neither the rebound phenomenon accompanying the cellular 
contraction surely seen with the conventional technique nor the recurrence bubble by the lack 
of cooling of a heater is seen. It is checking that these properties are almost eternal even if 
these properties change impression pulse width and impression power in the 2 to 3 times as 
many range as this based on fluctuation nucleate boiling acquired by carrying out the short pulse 
drive of the unnecessary thin film resistor of a protective layer as shown in drjawyig_5 as this 
invention persons already clarified, and the same property is shown in water color ink (Japanese 
Patent Application No. No. 272451 [ five to ]). 

[0016] Now, that it is the case where the exoergic resistor side is the discharge direction and 
perpendicular of ink can understand easily such expansion of air bubbles based on this 
fluctuation nucleate boiling, and the configuration which can apply a contraction property to a 
thermal ink jet print head most effectively. The one concrete example of a configuration is shown 
in drayying 1 . Only the distance which is t = about 25 micrometers separates in the exoergic 
resistor 14 of h= 40 micrometer**, and the location which counters this, the ink regurgitation 
nozzle 8 of K=R) =about 40-micrometerphi is assembled, and (A) of drawing 1 shows the case 
where this tooth space is used as an ink supply liquid route 9. The difference \n the head (A) and 
head (B) which are shown in drawing 1 is only a difference in whether the configuration of the ink 
regurgitation nozzle 8 where it is opened in the orifice plate 7 has spread toward the exoergic 
resistor 14 side. Thickness T of an orifice plate 7 was taken as about 50 micrometers and R= 
about 80micrometer[ of a head (B) ] phi. 

[0017] Now, water was injected into the head shown in drawing 1 , pulse width ImicroS, 
impression power 1.6W, and pulse impression with a pulse frequency of 1kHz were performed to 
the exoergic resistor 14, and the situation of the waterdrop breathed out from each nozzle 8 was 
observed by speed light photography. The result of having piled up the observation result shown 
in the result and drawing 4 , and having presumed the flow of the water in a head is shown in 
drawing 2 . Drawin g 2 (A) is equivalent to the head of drawing 1 (A), and (B) is equivalent to the 
head of (B) of dra wing 1 . Moreover, the situation in the nozzle after 3, 6, and 9 or 12microS is 
respectively shown from pulse impression initiation before [ from the left ] pulse impression. 
[0018] First, in the case of drawing 2 (A), the liquid of a discharge side and the liquid by the side 
of the ink supply liquid route 9 are completely divided by air bubbles at the 3microS time. Since 
the air bubbles at this time are already vacuas mostly, both the liquid of a discharge side and the 
liquid by the side of the ink supply liquid route 9 are attracted by the pressure of about 1 
atmospheric pressure, and the lower layer liquid near the substrate 1 by the side of the ink 
supply liquid route 9 is beginning to move in the direction which already crushes air bubbles, 
however, the liquid of a discharge side — this time — the rate of flow of about 12 to 15 m/S — 
obtaining — **** — the pressure of one atmospheric pressure, and a nozzle with a die length of 
about 50 micrometers — this speed — rather — ******** — things' not being made is that do 
not need to solve the easy equation of motion and it is known. Namely, a discharge-side liquid 
jumps out of a nozzle at the 8-9microS time with this initial velocity. 

[0019] On the other hand, although the ink supply liquid route 9 side liquid flows in the direction 
to which air bubbles are made to reduce by the differential pressure of one atmospheric 
pressure, since this differential pressure is solved at the about 8microS time to which a 
discharge-side liquid jumps out of a nozzle, the liquid flow after this is slowed down quickly. And 
it becomes to return to the meniscus location before pulse impression 60~70microS back. With 
this head, generating of the subdrop leading to a quality-of-printed-character fall is not 
accepted. 

[0020] On the other hand, in the case of drawing 2 (B), it becomes a motion different as sharply 
as the case of the above (A). That is, the liquid of a discharge side and the liquid by the side of 
the ink supply liquid route 9 are connected at the about 3microS time at the time of the 
maximum air-bubbles attainment of d rawin g 2 (B), and since it is dragged out by the discharge- 
side liquid, a long tail will be formed. Although it is dependent also on nozzle dimensions, the die 
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length of this tail may amount also to a maximum of 500 micrometers, while this flies, serves as 
some drop ******** subdrops, and causes a quality-of-printed-character fall. 
[0021] In order to make generating of a subdrop inhibit so that a motion of the liquid in the head 
presumed from the experiment fact shown here and it may show, jt becomes indispensable to 
make a discharged liquid object and a residual liquid object divide at an early stage as much as 
possible. Of course, it is clear that the liquid of the thin layer which is connected at the 3 - 
4microS time in the case of the head of drawing 2 (B) may go out, and it is dependent also on 
the viscoelastic property of the liquid. Furthermore, even if it thinks in manufacturing technology, 
the core of a nozzle and the core of an exoergic resistor vary in the error of a certain range. 
Therefore, if a nozzle core and no less than 10-15 micrometers of exoergic resistor cores have 
shifted in the case of the head of the type of drawin g 2 (A), a discharged liquid object will drag 
on and will generate a subdrop. 

[0022] Therefore, the conditions on which the direction of the nozzle shown in drawin g 1 does 
not make an exoergic resistor side generate a subdrop certainly in the case of a perpendicular or 
an almost perpendicular head have the height of the ink supply liquid route 9 lower than 30 
micrometers of the maximum growth height of air bubbles, and are arranging so that the 
perpendicular projection image of the lower limit side of a nozzle 8 may not come out to 5- 
micrometer or more outside from the edge of the exoergic resistor 14. By considering as such a 
configuration, the discharged liquid object to which the initial velocity of about 12 to 15 m/S was 
given is certainly divided with a residual side liquid, and a subdrop does not generate it. 
[0023] The conditions which a subdrop does not generate on the other hand with a type head 
with the discharge direction of a liquid parallel to an exoergic resistor side are easy to a slight 
degree. In this case, if the distance of the wall which the height of the liquid ink way in the part 
in which the exoergic resistor is formed is 30 micrometers or less, and forms the liquid ink way, 
and the edge of an exoergic resistor is 5 micrometers or less, it is possible to make the ink in a 
liquid ink way divide certainly. In this case, it depends for the regurgitation rate of regurgitation 
ink on the ratio of the area of an exoergic resistor, and the volume of the liquid ink way of that 
part. However, enlarging a regurgitation rate will mean that the reaction also becomes large, and 
the fault of lengthening the reset time of ink will be conspicuous. 

[0024] In addition, it applies for "the fluid injection approach characterized by the internal 
pressure of said air bubbles making said air bubbles open for free passage with the open air on 
condition that below an outside atmospheric pressure" (JP,4-10940,A, others) as a prior 
invention near this invention. Now regurgitation ink will be long, this prior invention will drag on, 
although "it is said the liquid by the side of the ink supply path 9 and the liquid by the side of a 
delivery be in the condition of having been tied at a part of ink path that it was made when the 
internal pressure of air bubbles makes said air bubbles open for free passage with the open air 
on condition that below an outside atmospheric pressure", and the generating prevention 
approach of the subdrop of this invention is fundamentally different. Moreover, the above- 
mentioned free passage method is the approach already substantially enforced in the past. 
Namely, although "making the ink of the liquid interior of a room gasify, and making this gas 
breathe out from an ink delivery with an ink droplet with a heating element" is stated to JP,54- 
161935,A If pulse heating of "the tubed heating element which becomes the back inside which 
separated the distance equivalent to the amount of the liquid ink drop which should be breathed 
out from a resistor etc." is carried out and a liquid ink drop is made to breathe out from a 
delivery, as already stated in detail, the air bubbles at the time of an ink droplet being breathed 
out from an ink delivery will be in a vacua mostly. That is, the artificer of JP,54-1 61 935,A only 
mistook the phenomenon of the moment an ink droplet carries out the regurgitation from the 
delivery of selves' head, the internal pressure of the "aforementioned air bubbles makes said air 
bubbles open for free passage with the open air on condition that below an outside atmospheric 
pressure, and the stereo is considered to be" ****** as indicated by JP,4-10940,A and others. 
[0025] Anyway, regurgitation ink and residual ink cannot be made to be able to divide in many 
cases by "the air bubbles which became below the outside atmospheric pressure are made to 
open for free passage with the open air", and generating of a subdrop cannot necessarily be 
prevented. For example, even when the height of the ink supply liquid route 16 is 40-50 
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micrometers, and the width of face of the exoergic resistor 15 is almost the same as that of the 
ink supply liquid route 16, regurgitation ink will drag on for a long time, and generating of a 
subdrop is accepted [ as shown in draw ing 8 R> 8, ]. Of course, it is as having already stated 
that the air bubbles after 3microS shown in drawin g 8 are vacuas mostly. Moreover, when the 
height of the liquid ink way is 30 micrometers or less with the head shown in drawin g 7 , ink flows 
[ the case of the head shown in drawing 2 (A) f or ] on an exoergic resistor and it carries out a 
recurrence bubble, the splash of a subdrop or many occurs clearly. That is, it becomes 
conditions indispensable to generating suppression of a subdrop to make even the temperature 
which does not carry out a recurrence bubble quench an exoergic resistor. 
[0026] In addition, probably, behavior of a regurgitation ink droplet does not need to explain not 
changing as fundamentally as drawin g 2 anew, even if it forms the liquid ink way of for example, 
50-micrometer width of face in the head shown in drawing 1 . Moreover, about this, the following 
examples show many examples. 

[0027] [Example 1] The ink discharge direction shows the exoergic resistor side, the 
perpendicular, or the almost perpendicular head among the thermal ink jet print heads which 
evaluated drjwjngJS here. The exoergic resistor 14 is a configuration shown in drawing 3 here. 
And h=40micrometer**, T= 50 micrometers in width of face of H= 50 micrometers of the ink 
supply liquid route 9, thickness of an orifice plate 7 r= 40 micrometers of diameters phi of the 
regurgitation of a nozzle presupposed that it is common, and they made some heads which 
changed the aperture R of a nozzle bottom, and height (septum height) t of the ink supply liquid 
route 9 as an experiment, filled water color ink to these, and conducted the regurgitation 
experiment of ink on them. In order to evaluate only the generating factor of a subdrop, pulse 
width 1 microS and the pulse energy of impression power 1.5W were impressed to the exoergic 
resistor 14 with the period of 1kHz, and it evaluated using the ink droplet which carries out the 
regurgitation from one delivery. Of course, generating of the air bubbles in this case is based on 
fluctuation nucleate boiling. Moreover, 1mm front of a head was printed to being run by the detail 
paper with the speed of 300 mm/S, and it evaluated whether a subdrop would accompany a 
printing dot. It is checking that the core and core of an exoergic resistor of the nozzle used for 
these experiments correspond within **3 micrometers. 
[0028] The experimental result of these single strings is shown in Table 1. 
[0029] 
[Table 1] 
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[0030] It turns out that this result is well in agreement with the result described previously, and 
it becomes conditions indispensable to generating prevention of a subdrop to make the ink by 
the side of a delivery and the ink by the side of an ink supply liquid route divide in the case of 
water color ink. Moreover, also in the head which the subdrop of Table 1 does not generate, 
although it was the regurgitation of the ink by fluctuation nucleate boiling when pulse width 
SmicroS and the pulse energy of impression power 0.6W were impressed with the period of 1kHz, 
it turned out that the circumference of a printing dot is polluted slightly. The re-regurgitation 
with a recurrence bubble is the cause clearly, and this becomes the cause which soils the 
printing circumference considerably, when the usual printing is carried out. 
[0031] [Example 2] The head which was able to shift only 5 micrometers of cores of a 
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regurgitation nozzle from the core of an exoergic resistor to the ink supply side was made from 
the head of an example 1, and the same conditions as an example 1 estimated the existence of 
an appearance of a subdrop. 
[0032] 
[Table 2] 
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[0033] Although that result is shown in Table 2, if it doubles also with the result of Table 1 and 
collects, the height of a liquid ink way is about 30 micrometers or less, and considering as the 
structure out of which 10 micrometers or more of perpendicular projection images to the 
exoergic resistor side of the regurgitation nozzle bottom by the side of ink supply have not come 
to 5 micrometers or more and an outside (ink supply side) desirably from the edge by the side of 
ink supply of this exoergic resistor can call it conditions indispensable to subdrop control. Of 
course, it is as the example 1 having described that the conditions of not carrying out a 
recurrence bubble to this are required. 

[0034] [Example 3] The evaluation result about the head of drawing,?, from which an exoergic 
resistor and an ink discharge direction become parallel here is described. Here, width of face of 
H= 50 micrometers of the ink supply liquid route 9, die length of l= 120 micrometers of the 
exoergic resistor 14 of the structure shown in drawing 3 , and die length of L= 80 micrometers 
from the edge by the side of the delivery of the exoergic resistor 14 to a delivery presupposed 
that it is fixed, manufactured the head which changed height t of the ink supply liquid route 9, 
and the width of face h of the exoergic resistor 14, and conducted the same evaluation 
experiment as an example 1. The pulse energization to the exoergic resistor 14 gave the energy 
with which are satisfied of the "fluctuation nucleation conditions" which show pulse width 
1 microS and impression power to drawi ng 5 by 0.12xh(micrometer) W/dot (refer to Japanese 
Patent Application No. No. 272451 [ five to ]). 

[0035] The experimental result of these single strings is shown in Table 3. 

[0036] 

[Table 3] 
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[0037] Moreover, the result as which the exoergic resistor 14 manufactured and estimated the 
head which inclined toward the one side of the ink septum 1 1 5 micrometers by the head of this 
structure is shown in Table 4. 
[0038] 
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[0039] It turns out that the conditions that the foaming air bubbles can take up the ink supply 
liquid route 9 nearly completely are indispensable to generating prevention of a subdrop so that 
clearly from these results. Moreover, if height t of the ink septum 1 1 has enough the wide width 
of face of the exoergic resistor 14 when very low, 20 micrometers or less and, even if it has 
separated 5 micrometers or more from the septum, expansion of air bubbles can take up an ink 
path and it also becomes possible to prevent generating of a subdrop. However, since the 
configuration of an ink delivery becomes flat in this case, a drop configuration tends to worsen, 
and the device of extracting slight width of face of a delivery is needed. Moreover, it was the 
same as that of the case of examples 1 and 2 that a recurrence gun becomes easy to soil the 
recording paper in the case of this type of head. 

[0040] In addition, although the inclination a subdrop becomes easy to generate a little was 
accepted even if the result related with a subdrop is eternal even if it thickens thickness T of 
the orifice plate in examples 1 and 2 with 80 micrometers, and it lengthened the die length of L 
in an example 3 with 120 micrometers similarly, the inclination did not change. 
[0041] [Example 4] By this example, not conditions with not necessarily indispensable fluctuation 
nucleate boiling but an important thing shows that it is making air bubbles divide ink in the ink by 
the side of a delivery, and the ink by the side of an ink supply liquid route to generating 
suppression of a subdrop. Of course, although it is sure, it becomes a difference remarkable [ the 
difference is not so remarkable when an exoergic resistor side like an example 1 and an ink 
discharge direction are perpendicular, and ] when it is the head from which an exoergic resistor 
side and an ink discharge direction become parallel like an example 3 rather that the 
regurgitation is stabilized by using the air bubbles generated according to fluctuation nucleate 
boiling, and it appears. It is because the minute air-bubbles origination of nucleus in which it 
appears according to fluctuation nucleate boiling generates in an ununiformity the minute air- 
bubbles nucleus which appears in the case of the other homogeneity nucleate boiling or 
heterogeneity nucleate boiling in respect of a heater to being homogeneity throughout a heater 
side, so it has big effect in the direction in which directivity appears in growth of subsequent air 
bubbles, and this acts as ink regurgitation force. However, a difference is seldom accepted about 
the growth as air bubbles, and disappearance. 

[0042] Then, although it was homogeneity nucleate boiling or heterogeneity nucleate boiling, 
when the ink regurgitation situation when giving the conditions (pulse width SmicroS, impression 
power 0.45W) used as fluctuation nucleate boiling was observed using the head of an example 1, 
the almost same result as Table 1 was obtained except the timing of the regurgitation becoming 
late. In addition, it is because it is conversely difficult that having lengthened pulse width with 
SmicroS by this evaluation trial makes homogeneity nucleate boiling or heterogeneity nucleate 
boiling which is not fluctuation nucleate boiling cause with short pulse heating in the case of a 
heater without a protective layer. 

[0043] Thus, by this example, though generating of air bubbles does not originate in fluctuation 
nucleate boiling, it was proved by making the ink by the side of a delivery, and the ink by the side 
of an ink supply liquid route divide ink by air bubbles that the fault of the tailing phenomenon and 
splash which are generated in the case of the regurgitation of ink was cancelable. However, when 
driving the head of a multi-nozzle, if a difference is in the resistance of an exoergic resistor, or 
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the internal resistance of a drive power source between nozzles and these are driven with 
comparatively long pulse width, a difference will appear in a programming rate between exoergic 
resistors, and variation will appear at ebullition start time. Furthermore, fluctuation nucleate- 
boiling, homogeneity nucleate-boiling, and very small air-bubbles [ in / some difference is further 
appeared in growth of air bubbles between heterogeneity nucleate boiling, and / an initial stage ] 
origination-of-nucleus conditions also differ. These all have inconvenient effect on the stability 
of the regurgitation, though small, and they cause quality-of-printed-character degradation. 
Therefore, it becomes the best policy that the increment in some injection energy makes ink 
breathe out on fluctuation nucleate-boiling conditions although it is the need. 
[0044] 

[Effect of the Invention] Since discharge-side ink is made to divide with residual side ink with 
the generated air bubbles according to this invention, it is lost that a regurgitation ink droplet 
drags on for a long time, and the problem of degradation of the quality of printed character 
resulting from a subdrop can be solved. Moreover, contamination of the recording paper by the 
additional regurgitation or the splash can be prevented by having made the temperature of an 
exoergic resistor cool quickly and having pressed down the recurrence bubble. 



[Translation done.] 



2005/04/1 9 



JP.07-227967.A [DESCRIPTION OF DRAWINGS] 



1/1 ^— v 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of a head used for the experiment of this invention. 

[Drawing 2] The type section Fig. which presumed the motion of the ink inside the head at the 

time of making ink breathe out from the head of drawin g 1 . 

[D rawin g 3] Structural drawing of a thin film exoergic resistor used for the experiment of this 
invention. 

[Drawing 4] The type section Fig. showing the situation of the flow of water which presumed the 
exoergic resistor of dra wing 3 from generating of the air bubbles when carrying out pulse heating 
underwater, disappearance, and it. 

[Drawing 5] The graph which shows the fluctuation nucleate-boiling generation region 
(continuous line) and single foaming region (dotted line) when carrying out pulse heating of the 
heater of drawing 3 underwater. 

[Drawing 6] The sectional view of an integration head used for the experiment of this invention. 
tQrawing_7] The sectional view of other integration heads used for the experiment of this 
invention. 

[Dravying 8] The sectional view showing a motion of the ink at the time of making ink breathe out 
from the conventional head. 
[Description of Notations] 

1 — Si substrate and 2 — SiO two-layer and 3 — a Cr-Si-SiO alloy thin film resistor, and 4 and 
5 — nickel wiring — a conductor and 6 — water and 7 — an orifice plate and 8 — for a 
common ink slot and 11, as for a nozzle bottom perpendicular projection image and 13, a top 
plate, and 14 and 15 are [ a nozzle, and 9 and 16 / an ink supply liquid route and 10 / an ink 
septum and 12 ] exoergic resistors. 



[Translation done.] 
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[05] H3fflt-#fe*^T^^lWRS*fei: 

0. 

[Ell] 



n i 




[02] 



7-227967 

12 

[08] tt*®'\vF*»e>-f>*«:ttffiS«fel»©-f 
ll*Si£& 2teSi02if> 3fiCr-Si-Si 

ftjgm 10 utt-f^PBB. i 

[03] 



a 3 




1 SiS« (4 0 0 fit 1 ) 

2 S10»* ( 2 an') 

3 Cr-Si-SiO*A»«««W (0.1a d 1 ) 
4.5 NIBS** ( 1 V* 1 ) 

6 * 

14 JtftSK* 



IB 2 






w& w& 




-■vv^ 

0 r ic 3 6 9 « 



[05] 



n s 



H 




(8) 



tttm 7-2279 6 7 




